Introduction {#sec1-1}
============

Quantum biology is a field of science that explores the applications of quantum mechanics in biology. Erwin Schrödinger first coined the term "quantum mechanics" in biology and proposed the idea of an "aperiodic crystal" that contains genetic information in its configuration of covalent chemical bonds \[[@ref1]\]. Also, he suggested that mutations could be explained by "quantum leaps". The term "quantum biology" was coined by Per-Olov Löwdin for this new field of science, when he introduced proton tunnelling as another mechanism for DNA mutation \[[@ref2]\].

Quantum biology has many applications in the evolution and continuity of life. One application is to propose a model for DNA mutation. This mutation is, in fact, an error in the DNA code, which occurs during the copying of a DNA strand during cell reproduction. A DNA mutation model has been proposed in which a nucleotide may change its form through the process of quantum tunnelling. The changed nucleotide will lose its ability to pair with its original base pair, which will change the structure and order of the DNA strand \[[@ref3]\]. This DNA mutation may be produced by exposure to ultraviolet rays and other types of radiation \[[@ref4]\].

Another application of quantum biology in biological systems is to explain the mechanisms for vision and the involved scientific process of phototransduction. In this process, a photon is absorbed by a chromophore in a light receptor, which causes photoisomerisation. This change in structure induces a change in the structure of the photoreceptor and the resulting signal transduction pathways that lead to a visual signal \[[@ref5]\]. This process is very rapid (\< 200 femtoseconds) and has a high yield. Models have been proposed in which quantum effects shape the ground state and excited state potentials to achieve the visual signal \[[@ref6]\]. Yet another application of quantum biology involves magnetoreception, in which animals can navigate using the inclination of the Earth's magnetic field \[[@ref7]\]. This biological event can be described by the entangled radical pair mechanism in quantum mechanics \[[@ref8]\], \[[@ref9]\]. Other biological events, such as photosynthesis \[[@ref10]\], \[[@ref11]\] and enzymatic activity, have been described through the quantum field theory \[[@ref12]\], \[[@ref13]\].

In addition to these applications, some observations can only be explained by quantum biology. For example, Montagnier and his collaborators argued about the capacity of some bacterial DNA sequences to emit very low-frequency electromagnetic waves when extensively diluted in an aqueous fluid. The authors discussed that the genomic DNA of most pathogenic bacteria includes sequences that can create such signals \[[@ref14]\]. Another study by the same group described the experimental conditions under which electromagnetic waves of low frequency can be emitted by dilute aqueous solutions of some bacterial and viral DNAs. Also, the authors observed this transduction process in living human cells exposed to electromagnetic wave irradiation and suggested a quantum field theory analysis of the phenomenon \[[@ref15]\].

Given this importance of quantum biology in biological systems, its origin is important to consider. We have approached this issue by considering the structure of DNA. We demonstrate the involvement of quantum charged particles that join together. Due to the motion of these objects, their charged particles create electrical currents and emit electromagnetic waves. We suggest some mechanisms for applying quantum waves in imaging of DNA packages like viruses, bacteria, and embryonic cells.

The outline of the paper is as follows. In section II, we show that DNA is constructed from quantum particles and radiates quantum waves. In section III, we propose methods for detecting the signals of DNA inside the virus and bacteria. In section IV, we describe the use of quantum waves in imaging.

DNA quantum waves {#sec2-1}
-----------------

In this section, we propose several reasons (1-5) why DNA could radiate waves.

1\. Each DNA is formed from a base pairing between A (Adenine) and T (Thymine), and between C (Cytosine) and G (Guanine). A and G are constructed from hexagonal and pentagonal manifolds. T and C are hexagonal \[[@ref16]\], \[[@ref17]\]. Each of these manifolds is constructed from charged atoms like nitrogen and carbon, and electrons. The electrical charges of each base differ from the others. Consequently, the A-T and C-G base pairs form two types of electrical moments ([Figure 1](#F1){ref-type="fig"}).

![Each base in DNA is constructed from electrical moments](OAMJMS-7-3096-g001){#F1}

Moreover, different DNAs have different activities that cause the motion-related electrical charges and moments. For example, during transcription and translation, some regions of the genetic information on DNA are copied to form RNAs and proteins, which interact with DNA and lead to the motion of the DNA. According to the laws of physics, the motion of electrical charges produces a magnetic field and results in the emission of electromagnetic waves. Thus, each DNA can radiate various types of waves depending on the nature of its interaction with biological material like DNA and RNA ([Figure 2](#F2){ref-type="fig"}).

![During transcription and translation, electrical pairs become separated, and some waves emerge](OAMJMS-7-3096-g002){#F2}

2\. During cell division, the DNA in each cell replicates so that the two daughter cells have the same genetic information as the parent cell \[[@ref18]\]. In this process, the two strands of the original DNA double helix separate and each strand's complementary DNA sequence is recreated as catalysed by DNA polymerase. In this mechanism, charged pairs are separated and then joined to each other. Consequently, the motions of these charged particles produce electromagnetic waves ([Figure 3](#F3){ref-type="fig"}).

![During replication, electrical pairs become separated, and electromagnetic waves emerge](OAMJMS-7-3096-g003){#F3}

3\. The DNA structure is very similar to a solenoid or coil. Consequently, the motion of electrons the structure produces magnetic fields ([Figure 4](#F4){ref-type="fig"}).

![The structure of DNA is very similar to a coil](OAMJMS-7-3096-g004){#F4}

4\. Each part of DNA acts similar to an electronic device. For example, hexagonal and pentagonal molecules store waves and energy and act as a capacitor. Coiled regions of DNA produce a solenoid. The collective circuits produce a system similar to a radio wave receiver or transmitter ([Figure 5](#F5){ref-type="fig"}).

![Each part of DNA acts similar to an electronic device \[[@ref19]\]](OAMJMS-7-3096-g005){#F5}

5\. Some waves act like topoisomerases and unwind DNA to allow reading of the information. Topoisomerases are enzymes that participate in the rewinding or unwinding of DNA. The winding problem of DNA arises due to the intertwined nature of its double-helical structure. Topoisomerases act on the topology of DNA \[[@ref20]\]. Similar to these enzymes, some waves participate in the unwinding of DNA. These waves are coupled to the structure of DNA and produce topologically simple structures. This causes the exchange of information between DNAs ([Figure 6](#F6){ref-type="fig"}).

![Topoisomerase-like wave couples to the wound structure of DNA and make it unwind topologically](OAMJMS-7-3096-g006){#F6}

A method for detecting waves of DNA packages like bacteria {#sec2-2}
----------------------------------------------------------

To observe DNA waves, it is best to use biological versions of packaged DNA; virus and bacteria are suitable. When not packaged, DNA cannot undergo normal actions like replication and will not produce waves. For this method, bacteria and the viruses that infect them can be contained in a vessel that houses a fluid, such as milk, which can be used by the bacteria for growth. Also, since bacteria replicate autonomously, but virus do not (bacteriophage require bacteria to replicate), we need to bacterial packages. In this experiment, we didn't use the chemical medium and use of natural material like milk to show communication between DNAs and effects of DNA waves in a natural medium. In this procedure, a vessel of milk containing bacteria and virus were placed in an inductor. One side of the vessel was connected to a generator and the other side to a scope ([Figure 7](#F7){ref-type="fig"}).

![Detection of signals of DNA packages (bacteria) in a vessel of milk in an external magnetic field](OAMJMS-7-3096-g007){#F7}

A current is supplied to the inductor to produce a magnetic field. The bacteria and virus suspended in the milk interact with the magnetic field, alter it, and produce a new type of output electromagnetic field. The entire system can be placed in an incubator to observe the types of interactions between bacteria, viruses and magnetic field changes at different temperatures.

The signals obtained from bacteria growing at various temperatures are displayed in [Figure 8](#F8){ref-type="fig"}. With time, the number of DNA packages (i.e., bacteria) in the milk increases, and more waves are emitted. The pattern depends on temperature. For example, at 5°C, fewer bacteria are produced, and fewer waves are detected, while more bacteria (and hence more waves) are produced at higher temperatures.

![The growth signals of bacteria in milk in terms of time for 40°C (blue), 38°C (red), and 5°C (grey)](OAMJMS-7-3096-g008){#F8}

Use of DNA waves in imaging {#sec2-3}
---------------------------

The concepts of quantum biology and DNA waves can be exploited for imaging. For example, information about the properties of DNAs of chick embryos residing inside eggs might be obtained by analysing the waves exchanged between the DNA inside the egg with the DNA exterior to the egg. To this aim, we build a circuit from a graphene or metal tube, generator, inductor, scope, DNA in the interior of eggs, and DNA exterior to the eggs. Magnetic waves pass through the interior / exterior DNA, and the graphene. The DNAs are excited and exchange waves. Some of these waves interact with the electrons in the graphene tube, which generates a current. The changes that occur in these waves when exiting the eggs permit the analysis of the properties of the chick embryo DNA ([Figure 9](#F9){ref-type="fig"}).

![A circuit for using exchanged DNA waves between cells interior and exterior of egg in imaging](OAMJMS-7-3096-g009){#F9}

To obtain the exterior DNA, a culture system devoid of the shell was used for chick embryos. Similar to Tahara and Obara (2014) \[[@ref19]\] and Sepehri et al., (2019) \[[@ref20]\], \[[@ref21]\], \[[@ref22]\], a 450 ml polystyrene plastic cup was used as the pod for the culture vessel. A whole 1 to 1.5 cm in diameter was made at the side of the cup approximately 2 cm from the bottom, and a cotton pledget was installed in the hole as a filter. Then, a 2 mm diameter plastic tube was positioned in the space between the pledget and the hole to provide oxygen that was necessary for bacterial growth. A concave polymethyl pentene film was placed in the pod as an artificial culture vessel. A polystyrene plastic cover was put on top of the culture vessel. The vessel containing broken fertilised eggs was put in an incubator, and the shell-less cultures were incubated at 38°C and rotated 120° clockwise twice a day. After 54 h, initial cells of chick embryos were evident ([Figure 10](#F10){ref-type="fig"}).

![Incubation of shell-less cultures of chick embryos to observe the growth of cells](OAMJMS-7-3096-g010){#F10}

We explored whether the DNA waves that were generated could be used in imaging and to determine the gender of chick embryos. In [Figure 11](#F11){ref-type="fig"}, the current value could distinguish males (red) and females (blue). The signal type differed between males and females. This is because that topology of some chromosomes in cells of males is different from the chromosomes of females. The motions of charged particles and electrons depend on the topology of the chromosomes and type of coiling, winding, and packing of DNA in them. Thus, by changing the shape of chromosomes and the DNA topology, ways and degrees of freedom of electrons change. Changing the motions of electrons changes their radiated waves, which explains the difference in the signals of males and females.

![Comparison of signals of male (red) and female (blue)](OAMJMS-7-3096-g011){#F11}

In conclusion, in this research, we have shown that DNA waves play major roles in the evolution of biological systems. We propose two models for imaging by using concepts of quantum biology and DNA waves. The models are useful in charting bacterial growth and in distinguishing the gender of chick embryos.
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